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Total containment of municipal solid waste landfills is 
often advocated by public officials. This study examines 
the potential benefits and costs of total containment for 
the seven landfills used by the greater Denver metropolitan 
area.
The benefits estimated in this study include avoided 
risks to human health, and avoided damage to the aesthetics 
of an area. The benefits associated with avoided health 
risks are estimated from a human capital approach which 
values medical costs and forgone earnings associated with 
cancer. Aesthetic benefits are evaluated using an hedonic 
approach which attempts to evaluate the implicit value of 
environmental quality within the price of a home.
The benefit associated with avoiding risks to health is 
estimated to be from $0 to $2,335 per year for the area 
population as a whole. This estimate, however, includes 
only cancer risk and does not include any evaluation of the 
benefits of avoiding other chronic illness. The effect of 
not including chronic illness is that the benefits of 
avoided health costs may be significantly undervalued and, 
thus, represent only a lower bound approximation.
The benefit of avoided aesthetic damage is estimated to
iii
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be from $62,100 to $1,275,000 per year. This estimate is 
derived from damage estimates associated with hazardous 
waste and is calculated assuming that all houses near each 
landfill are sold each year (an avowedly doubtful 
assumption). The benefit of avoided aesthetic damage, 
therefore, may be significantly biased upward and should 
only be considered an upper bound estimate.
Adding the two benefits together and dividing by the 
amount of waste disposed per year in the Denver area yields 
total benefits of avoided damage between $.01 and $.18 (1986 
dollars) per cubic yard of disposed waste, per year. In 
comparison, the additional cost of completely containing a 
landfill is about $1.95 per cubic yard, per year. Thus, 
total containment of landfills in the Denver area may not be 
warranted because the costs are far greater than the 
benefits.
The benefits calculated in this study must be inter­
preted with caution because it is uncertain whether they 
overstate, understate or balance each other out, in terms of 
approximating total benefits. Total containment, therefore, 
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The national attention that municipal solid waste has 
received in the past several years is warranted for a number 
of reasons— rising disposal costs, landfill exhaustion, and 
environmental degradation. These concerns have provoked 
much public debate over establishing standards for the 
containment of the environmental impacts of waste disposal 
facilities. To correctly assess the extent of containment 
necessary, it is essential that the benefits of environ­
mental protection be determined and compared with the costs 
of that protection. If this is not done, it is very 
possible that the containment mandated may be greater than 
necessary or less than desirable.
Complete containment of all negative environmental 
impacts is often advocated by the public and in some cases 
even proposed by government officials. In Portland, Oregon, 
city officials contracted a study which examined the costs 
of total containment to assess the feasibility of mandating 
total containment at their landfills and other states are 
considering similar mandates. From an economic perspective 
though, total containment is probably not a realistic option 
because total elimination of any type of pollution typically
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costs society more than it benefits. Even so, total con­
tainment is often advocated and, as such, it is examined in 
this study.
Purpose and Scope
This study examines one waste disposal option, the 
landfill, by comparing the benefits of total containment 
(relative to what is currently in place) with the associated 
costs. The focus of the study is the seven municipal solid 
waste landfills used by the greater Denver metropolitan 
area, as represented by the Denver Regional Council of 
Governments (DRCOG). Weld county is also included as it is 
the site of three landfills used by the metro Denver area.
Waste containment alternatives (i.e., more liners, more 
cover material, etc.,) are not compared in this study but 
rather the benefits of total landfill containment are 
examined in an attempt to lay the foundation for later 
comparisons and policy decisions. The extent of this study 
is further limited in that only active landfills in the 
Denver metropolitan area will be considered (hereafter 
simply referred to as the Denver area). The problems 
associated with inactive landfills are not considered owing 
to the limited data available. Some officials, however, 
believe inactive landfills may pose an even greater risk
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than active landfills (Lloyd, 1988). Additionally, only 
nonhazardous municipal solid waste (MSW) is considered in 
this evaluation. The term nonhazardous is used to refer to 
all waste which is currently accepted at municipal landfills 
insofar as it does not need to be specifically contained.
This study also has value in that it provides the basis 
for future comparisons of waste disposal alternatives (i.e., 
landfilling, recycling, and waste-to-energy incineration). 
The benefits of protection estimated here, for example, 
could be used in future studies as avoided costs or simply 
costs of environmental damage which, when combined with 
construction and engineering costs, yield the social cost to 
nearby residents of landfilling. The social cost of land- 
filling could subsequently be compared with the social costs 
of other disposal alternatives. Such a comparison, however, 
is not attempted here but rather is left to future studies.
Methodology
To ascertain the magnitude of the benefits of con­
tainment associated with waste disposal in the Denver area, 
this study relies on interviews with people currently in­
volved with Denver's solid waste facilities and on existing 
cost and benefit research on the environmental damage and 
protection associated with waste disposal.
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The benefits of environmental protection estimated are 
the benefits associated with avoided risks to health and 
avoided damage to aesthetics. These benefits are the 
primary and most obvious benefits of increased containment 
and it is assumed that they best represent an approximation 
of total benefits. Estimates in this study only partially 
quantify total benefits? the benefits of avoided chronic 
illness, for example, are not addressed. Landfills also may 
harm wildlife and plant life. Wild birds and rodents, for 
example, may be poisoned or strangled by waste before it is 
covered. These benefits, however, are not addressed in this 
study as no feasible method could be ascertained to assess 
them. This does not imply these benefits are negligible, 
but rather that overall estimates in this study may present 
only a lower bound approximation of total benefits.
Because so many uncertainties remain in the evaluation 
of benefits of this nature, it is generally agreed that the 
only valid use of such assessments is to estimate the 
relative magnitude of such benefits. This means, for 
example, that absolute numbers such as ten excess cancer 
deaths per million population exposed to groundwater con­
tamination should not be used as a precise predictor of 
health outcomes. Instead, the value of these estimates is 
established only when ten is compared to five, or any other
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number derived from an assessment of avoided health risk 
associated with other types of containment using the same 
methods of estimation.
The benefits associated with avoided health risks in 
Denver (chapter 3) are estimated from a human capital 
approach which values medical costs and forgone earnings 
associated with sickness (taken in this study to be cancer). 
This method, although it has many opponents, does have the 
advantage of feasibility and can be estimated in a fairly 
straightforward manner.
Aesthetic benefits are estimated in chapter 4. These 
benefits are evaluated using an hedonic approach based on 
studies done elsewhere in the country. Hedonic analyses 
attempt to evaluate the implicit value of environmental 
quality within the price of a home. The studies utilized 
here deal with valuing proximity to municipal landfills as 
well as proximity to hazardous waste facilities.
Chapter 5 presents the costs of total containment as 
determined by industry estimates of the costs of complete 
landfill containment. Containment is defined in this study 
as the act of prevention and is calculated based on the 
specific engineering costs of totally contained landfills. 
These costs are then compared to the benefits of avoided 
damage to health and aesthetics in the Denver area.
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Background
Before continuing with an examination of the benefits 
and costs of landfill containment, it is useful to become 
familiar with the landfills in the Denver area. The metro 
area includes the counties of Denver, Adams, Arapahoe, 
Douglas, Jefferson, Boulder and Weld. Except for Weld 
County, these counties constitute the Denver Regional 
Council of Governments (DRCOG). Weld county is included 
because the three landfills along its western boundary have 
a significant impact on solid waste disposal in the region.
The landfill is Denver's only method of MSW disposal, 
and seven landfills receive this waste daily (figure 1.1). 
Marshall Road Landfill - Boulder County 
RPS, Inc. (JEFFCO) - Jefferson County 
Tower Road Landfill - Adams County 
Landfill Systems, Inc. (LSI) - Weld County 
Columbine Landfill - Weld County 
Longmont Municipal Landfill - Weld County 
Denver Arapahoe Disposal Services (DADS)/Lowry 
Landfill - Arapahoe County 
(To avoid confusion and because they are owned by the same 
company and located across the road from each other, LSI and 
Columbine are referred to as one landfill, LSI, throughout 








Figure 1.1 Existing Landfills in the Metro Denver Area 
Source: Final Report of The Solid Waste Task Force, 1986
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new name for the Jefferson County landfill— is referred to 
by its old name, JEFFCO throughout this thesis.)
Waste disposal in Denver is a very competitive industry 
generally because disposal at specific landfills is not 
required, and trash haulers may deposit their loads at any 
landfill in the region. The common existence of "tipping 
fee price wars" (Worzynsky, 1989) further emphasizes the 
competitive nature of the region's landfills. The com­
petitive nature is important to note because later it will 
be argued that tipping fees reflect the marginal cost of 
operation at each landfill, consistent with the theory of a 
competitive industry.
It is also interesting to note the amount of MSW 
generated in metro Denver to get a better understanding of 
the justification for this study. In 1988, the rate for the 
Denver area was about 5,72 6 tons per day. This generation 
rate was calculated based on quarterly disposal reports 
submitted to the State Health Department. Using a Denver 
metro population of 1.9 million persons, this works out to a 
waste generation rate of 6 pounds per person per day, sub­
stantially higher than the national average of about 3.4 
pounds per day (Environmental Protection Agency, 1988). See 
table l.l for the breakdown of disposal rates.
Denver currently does not have an immediate shortage
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Table 1.1 Solid Waste Disposal by Landfill, 1988 
_________________(in cubic yards)* _______________
Quarters
First Second Third Fourth Total
Landfill
RPS
(JEFFCO) 48,162 74,608 83,632 70,481 276,853
Tower Road 338,610 459,514 424,294 349,155 1,531,573
LSI 538,908 700,024 694,409 593,158 2,526,499
Longmont 34,709 50,201 46,891 42,726 174,527
Marshall 97,712 156,516 125,488 76,695 456,411
Lowry
(DADS) 474,144 551,945 514,278 460,751 2,001,118
Total Cubic Yards Waste Disposed 1988 6,966,981
* There is some difference in the conversion of cubic yard 
data to tons given the varying compaction rates of trash 
haulers. The conversion rates range is from 4 00 to 600 
pounds per cubic yard, but the Department of Health uses 
600 as its standard conversion factor.
Source: Colorado State Department of Health, Office of
Solid Waste. Colorado Solid Waste Disposal Quarterly 
Reporting Form 1988.
T-3845 10
of landfill capacity to handle this high generation rate, as 
do some cities throughout the country. A recent study done 
for the DRCOG estimated the capacity of existing Denver area 
landfills and concluded that existing capacity will be suf­
ficient through at least 1994 and possibly through 2 000 
(DRCOG, 1986). Denver also is located in a region of the 
country where land is not scarce and much is available to 
use for waste disposal. Public resistance to the siting of 
new landfills, however, is quite prevalent and has resulted 
in thwarting efforts to establish new sites which could take 
over when the existing landfills are full.
Consequently, if new landfills are not built, it is 
possible that Denver could face a shortage of landfill 
capacity as soon as 1994. This possibility makes con­
sideration of how to avoid public opposition through better 
containment of landfill impacts much more urgent.
The following chapter discusses the methods for 
estimating the benefits of avoided environmental damage, 
including the theory behind each method and the limitations 
of each technique in its application to waste disposal in 
Denver. Chapters 3 and 4 apply these techniques directly to 
Denver area issues to assess the magnitude of the benefits 
of avoided environmental damage in this region.
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Chapter 2
METHODS FOR EVALUATING EXTERNAL COSTS/BENEFITS
Direct costs of landfill disposal (referred to as 
tipping fees) generally do not cover the total or social 
costs to society of waste disposal because three important 
elements or external costs are either disregarded or 
understated— depletion of older sites, the opportunity cost 
of land, and the costs associated with environmental damage. 
These are often a high portion of social cost and omitting 
them may cause an incorrect evaluation of the benefits from 
abatement (and thus the amount of abatement necessary) or an 
incorrect evaluation of the disposal alternatives. (The 
terms abatement and containment will be used interchangeably 
throughout this thesis to refer to the act of preventing 
environmental harm from landfills.)
Before proceeding with the rest of the chapter it is 
useful to clarify the classification of costs and benefits. 
This classification is potentially confusing and depends on 
the perspective of the person doing the arranging. External 
costs associated with environmental damage, for example, can 
be considered the benefits of environmental improvement and 
vice versa. This chapter initially discusses the external 
costs of landfilling to illustrate that these are actual
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costs to society. For the purpose of a comparison with the 
cost of containment (chapter 5), several of these external 
costs are later referred to as costs which would be avoided 
by increased containment and are subsequently termed the 
benefits of containment.
General Types of External Costs
Depletion Costs. Existing landfills have a finite 
capacity and basically all of them will be superseded by 
higher cost landfill facilities when they are depleted 
(because of more stringent environmental regulations cur­
rently being enacted at all levels of government). Because 
landfills are depletable, each additional ton of waste dis­
posed of today brings forward the date when a replacement 
facility is needed. Each ton of waste currently disposed 
of, therefore, incurs a user cost or a depletion cost, by 
quickening the need for a higher cost replacement facility.
The depletion cost of disposal today can be defined as 
the discounted present value of the difference between the 
monetary resource costs (capital, land and operating) and 
the future costs of the replacement facility. This 
depletion cost will be higher the greater the difference 
between costs of a landfill now and costs of the replacement 
disposal facilities in the future. The depletion cost will
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also be higher the shorter the time to replacement because 
of the shorter discount period (Berkman, 1987).
In Denver's case, according to the State Engineers 
Office, the next generation disposal alternative is yet 
another landfill. Nationally stricter liner and monitoring 
regulations will make these landfills more expensive, but 
state officials do not believe that they will be an order of 
magnitude more expensive to build and operate as would say a 
waste-to-energy incinerator (Worzynsky, 1989). Therefore, 
the case can be made that the next generation alternative in 
Denver's future (unlike many urban centers), although more 
expensive, may not be significant enough to warrant the 
inclusion of depletion cost in the social cost of disposal.
Opportunity Cost of Land. The opportunity cost of land 
refers to the cost a land owner incurs by not being able to 
rent or sell the land for other purposes. This cost will be 
incurred not only during the operating life of the landfill, 
but perhaps for some time after, because a newly closed 
landfill may be unsuitable for some other uses.
During landfill construction and operation, the value 
of the opportunity cost will equal the rent that could have 
been acquired from leasing or selling the land to another 
higher bidder. This cost is most notable if the landfill is
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owned by the government. Government-owned landfills do not 
usually account for the opportunity costs of land when 
assessing costs, particularly if the land was acquired in 
the distant past (Berkman, 1987). If land values are in­
cluded at all, these values tend to be the purchase cost 
which may not reflect the actual value of the land. Land 
values, however, have risen dramatically in the past two 
decades as cities have spread out on the peripheries where 
most landfills are located and, as such, purchase cost may 
not reflect the value of the land.
After a landfill has closed, the value of the oppor­
tunity cost is related to the condition of the land and thus 
if the land is permanently damaged, the opportunity cost 
reflects the value of the future rent which is lost. If, 
however, the land is improved by the landfill operation 
(e.g., vegetated or leveled) the opportunity cost is reduced 
by the amount of the benefit (Berkman, 1987).
In the Denver area, again unlike many areas of the 
country, active landfills are privately owned. Economic 
reasoning would thus imply that rational owners would use 
their land in the most profitable manner. Also, once cur­
rent landfills in this area become inactive, they are slated 
to become agricultural or recreational areas, positive 
improvements that will further reduce the opportunity cost
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(DRCOG, 1986). The opportunity cost of landfills in the 
Denver area thus tend to be already factored into the 
decisions of the private sector and as such are not a 
significant external cost in the Denver area.
Environmental Costs. The third area of external costs 
often excluded from cost evaluations is the risk associated 
with environmental damage from the landfill. This damage 
often includes release of noxious odors, noise pollution 
from truck transport, attraction of pests (e.g., rats), 
methane pollution, and probably most important, surface and 
groundwater contamination. These costs are a function of 
the damage done to environmental quality inasmuch as these 
damages cause changes in the flow of the environmental uses 
and services that man makes of the environment.
Denver landfills subject the environment to many of the 
above risks and their related costs and are the most sig­
nificant of the external costs associated with landfills in 
the Denver region. Therefore, they are the costs focused on 
in this study and are later referred to as avoided costs or 
benefits from increased landfill containment.
The Economic Nature of Environmental Quality
The environment provides public goods for consumption, 
such as air, water, the aesthetics of the landscape, and the
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recreational uses of nature. A public good is one that can 
be shared by several individuals at the same time without 
excluding others, and at the same time, is not diminished by 
this use (Siebert, 1981). Environmental quality is such a 
public good; the use of the environment as a resource is 
available to everyone and does not diminish with one 
person's consumption. For a more detailed discussion of 
environmental quality as a public good, the reader is 
advised to see Siebert (1981).
Associated with the public good nature of environmental 
quality is the concept of externalities. Externalities are 
spill-over effects (either positive or negative) which 
result when one person's activity affects another person and 
that impact is not considered in the activity decision or is 
that other person compensated for that impact. Water 
pollution, for example, can be an externality if polluters 
negatively impact later users and do not consider this 
impact in their decisions or compensate later users.
When externalities occur, they create a divergence 
between social values and private or market values (Freeman, 
1973) . When a service or good is produced and sold in the 
market, the price reflects only those perceived values which 
can be controlled by the buyer or the seller. If a third 
party is adversely affected by the production activity of a
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good, they bear costs that are not included in the private 
cost calculation of the producer.
The negative externalities associated with landfills 
can take many forms. The first and probably most obvious is 
the effect on the health of humans. Exposure and ingestion 
of water polluted by leachate has been linked to elevated 
cancer mortality and morbidity rates (Page, 1976). Another 
form of damage includes the loss of enjoyment from a decline 
in aesthetic beauty. Together, these negative externalities 
create a divergence between the cost society must bear to 
have landfills and the cost determined by the market for 
landfills (e.g., the market determined cost of landfilling 
might be $4 per ton, but if the cost of the negative 
externalities were included it might be $8 per ton).
Estimating External Costs
The public-good nature of environmental quality leads 
to market failure, and without a market relationship there 
are no price and quantity data from which the demand for 
environmental quality can be estimated. Without direct 
values from market transactions, the costs associated with 
environmental damage (and thus the benefits of avoiding that 
damage) must be inferred from other market or nonmarket 
sources.
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One nonmarket strategy is simply to ask individuals 
what monetary value they place on environmental quality. 
Another nonmarket method is to evaluate the success of 
environmental proposals which are put up for a referendum 
vote. Alternatively, a market strategy consists of using 
other market transactions, which are substitutes or comple­
ments, as proxies for the worth of environmental quality.
Nonmarket Sources of Value. The first two methods 
using nonmarket data such as surveys, questionnaires, 
bidding games, and voting, attempt to determine how much an 
individual is willing to pay for a desired level of environ­
mental quality. The respondent's willingness to pay depends 
on factors such as attitude toward society, the amount of 
applicable information available, the extent of the environ­
mental damage, and income.
The level of knowledge concerning the effects of 
environmental degradation plays an essential role in deter­
mining the amount an individual is willing to pay for 
environmental quality. It is assumed, for example, that an 
individual who is better informed about the effects of 
damages, ceteris paribus, is willing to pay more than an a 
person who is uninformed (e.g., the person who knows that a 
waste facility could contaminate their well water and cause
ABTHUK LAKES LIBRARY 
C O L O R A D O  SCHOOL ot M I N E S  
GQLDEK COLORADO 80400
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health problems would obviously be willing to pay more to 
prevent that contamination than the person who does not know 
about the possibility). Additionally, for the results to be 
accurate, the respondents must be aware of negative impacts 
caused by waste facilities, including injuries to health, 
ecology, and property values (Siebert, 1981).
Location of the environmental damage is also important 
in determining willingness to pay. Those persons directly 
affected by a waste facility, it is assumed, will be much 
more likely to be willing to pay than those persons living a 
distance away. Additionally, willingness to pay also 
differs with income and wealth. Empirical research shows 
that people with lower incomes will endure worse environ­
mental quality (Zapan, 1973). Presumably, people with higher 
incomes would be able to substitute private goods for better 
environmental quality— e.g., buy a house in a better area.
Contingent valuation (CV) is one survey/questionnaire 
method used to determine environmental value. Cummings, et 
al. (1986) expressed the essence of this method:
Contingent valuation devices involve asking in­
dividuals, in survey or experimental settings, to 
reveal their personal valuations of increments in 
nonpriced goods by using contingent markets. . . .
Contingent markets are highly structured to con­
front respondents with a well defined situation 
and to elicit a circumstantial choice contingent 
upon the occurrence to the posited situation.
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In the CV method, individuals are asked about their condi­
tional valuation, i.e., if this happens, what would you pay, 
not about their opinions or attitudes.
Judgments concerning the usefulness of such techniques 
and the value of CV Method surveys are very diverse. Many 
respected economists (Alan Randall, Richard Bishop, Thomas 
Heberlein, to name a few) believe CV methods are potentially 
useful. Others (Myrick Freeman, and V. Kerry Smith) believe 
"that we can draw no conclusion on its [CVM] accuracy based 
on what we know from research to date" (Cummings, 1986).
The problem is to convince people to reveal directly 
or indirectly the value they place on the environment, 
assuming they are well informed, have similar goals and 
economic stature. There are essentially three problems 
outlined in the literature associated with these methods.
The first is that the way questions are asked and the way in 
which the respondents expect the answers to be used can 
create biased answers. Second, there may be no positive 
incentive to provide accurate answers. And the third 
problem, especially with the CV method, is the hypothetical 
bias; for example, people asked a hypothetical question may 
tend to answer in a hypothetical manner.
Given these weaknesses, the survey method appears to 
elicit fairly uncertain results. However, the method is
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useful when there are no other technical measures that could 
yield more "hard" statistical results. Thus to get at an 
approximation of environmental worth, survey results have 
come increasingly into use. This is a technique which 
perhaps could be used in the future to more accurately 
determine the social costs of landfills in the Denver area.
Voting is also a tool for determining environmental 
value. Voters may support a candidate who stands for a 
given level of environmental quality or they may vote yes or 
no on environmental issues (proposals). In addition to 
selecting the desired level of quality, it is also assumed 
that such proposals would provide for the cost of that good; 
only in this way could the willingness to pay be incor­
porated in the process.
The strength of the voting approach is that obser­
vations on preferences are taken from real rather than hypo­
thetical settings. The major drawback is that levels of 
environmental quality are rarely decided by referendum and 
also financed entirely by taxes (a chosen level of taxes 
represents willingness to pay). Additionally, the voting 
approach would only be relevant where both the benefits and 
costs of the pollution control program fall entirely within 
the same political jurisdiction. When environmental damage 
spills across jurisdictions the voting method can not cap-
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ture the total value of the environmental quality preferred.
Market Sources of Value. Finally, the third approach 
used to approximate the value of the environment is to 
utilize the implicit relationship between private market 
goods and nonmarket public goods. In some cases the level 
of environmental quality affects individuals directly and an 
individual may pay to expand positive effects or counteract 
negative effects. In this case, the private good can be 
used as a direct substitute or proxy for the public good 
and, thus, assigning value is straightforward.
In the case of human health the approximation of the 
market costs of extra medical treatment and loss of earnings 
due to sickness associated with leachate contamination can 
be used as proxies for the cost to human health. This 
technique will be the main method used in the evaluation of 
the benefits of avoided risks to human health in chapter 3. 
Medical treatment and loss of earnings, however, are not 
exact substitutes for the risks associated with degradation 
of environmental quality. This method fails to average in 
the value of individuals who do not work and thus do not 
have lost earnings; average forgone earnings thus are 
probably understated. Furthermore, it is difficult to 
assign direct causality between mortality and morbidity and
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leachate contamination because of the mobility of society 
and the lapse time between exposure and sickness. Con­
sequently, this method can, at best, only yield a lower 
bound approximation.
The hedonic approach, another market assessment 
technique, is also used for inferring public good values 
from market transactions. This approach is used for es­
timating the implicit prices of characteristics which dif­
ferentiate closely related products. For example, implicit 
in the choice of a home is the perception of the neighbor­
hood. The difference in price between two identical homes 
in different neighborhoods can be assumed to be the implied 
value of the neighborhoods.
The hedonic technique may be applied to time series 
approximation or time specific evaluations. Time series 
approximations look at how the discounted valued has changed 
through time in comparison with similar goods. This thus, 
implicitly evaluates the characteristics which may have 
caused the values to deviate. Time specific evaluations 
isolate goods which are similar in most respects except cost 
at one point in time and thereby values the characteristic 
which causes the deviation in price between the two.
The problem with this approach is that it is difficult 
to isolate all of the variables that could influence value.
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This is especially true with time series evaluations where 
many other factors can be the cause of the variation. An­
other problem is the low turnover rate of the land. Land is 
typically not sold very often and thus the sample population 
to confirm the variation statistically is very limited.
Time specific evaluations are also subject to the bias 
that all factors influencing price may not be isolated. Time 
specific comparisons, however, logically have fewer factors 
which must be accounted for, thus this would seem to be the 
more reliable approximation.
The hedonic method, while it does have its drawbacks, 
is based upon actual market values which can be measured and 
hence, at least approximates the value of the specific 
characteristic. This method, as with the other methods used 
to value the costs of the externalities, cannot yield exact 
monetary amounts but rather generates ranges of values from 
which at least the magnitude of the true social costs and 
thus the benefits of avoiding those costs can be determined.
The aforementioned methodologies for determining the 
social costs or benefits of avoided environmental harm are a 
general outline of the types of strategies that could be 
used in a study of this type. The specific methods used to 
evaluate these values in the Denver region will be 
introduced as needed in chapters 3 and 4.
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Chapter 3 
BENEFITS TO HUMAN HEALTH
Health can be defined as the general soundness of the 
mind and body, and individuals value it because it is a 
major factor in determining quality of life. Society values 
health because it affects labor force participation, the 
supply of productive work days, and direct expenditures for 
medical expenses. One of the major concerns regarding solid 
waste facilities is the potential harm that these facilities 
could have on the health of individuals who live nearby. 
Avoiding this potential harm, thus, can be considered a 
primary benefit of increased containment of landfills.
This potential benefit is evaluated here based on 
the avoided risk to human health. Risk is defined in this 
study as the likelihood (or probability) that a given 
chemical exposure or series of exposures may damage the 
health of exposed individuals (this definition is slightly 
different from an often used definition of risk— probability 
x conditional value). The monetary benefit of avoiding 
health risk comes from the idea that risk (or the prob­
ability of developing cancer) will result in statistical 
cases of cancer which would cost money in the form of 
medical bills and lost earnings.
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Risks to health are very difficult to quantify because 
of the complex nature of the factors that affect human 
health as well as the lack of empirical evidence directly 
linking health problems and chemical pollutants. It is much 
easier to identify the potential sources of health risks 
than to quantify the extent of impact. This chapter, 
however, will attempt to do both by identifying the adverse 
impacts associated with landfills and then approximating the 
risks as well as the benefits of reducing those risks.
Sources of Health Problems
Potential sources of public-health problems from land­
fill facilities include human exposure to carriers or 
vectors of disease such as rodents and insects, the danger 
from methane gas production and subsequent explosions, as 
well as human exposure to contaminants emitted from the 
solid waste.
Vectors of Disease. Landfills can attract potential 
carriers of disease as they provide ample food supplies and 
little disturbance. Of the risks associated with landfills, 
however, the exposure to vectors of disease, is the least 
threatening. The potential for infestation of landfills has 
been greatly reduced in the recent past owing to the 
termination of open dumping. With the emergence of the
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modern sanitary landfill which includes enclosure of waste 
material and rodent/insect control, disease control is no 
longer viewed as a major environmental health risk (ESRG, 
1988) .
Methane Gas. The risks related to methane gas 
production are a more significant threat. Methane gas is 
produced by the anaerobic decomposition of organic waste and 
is extremely flammable and will burn explosively. This gas 
can escape to the ambient air through the surface of the 
landfill, and can also migrate below the surface to adjacent 
areas off-site. As a consequence, potentially explosive 
concentrations may exist in the air and in home basements in 
the immediate vicinity of a landfill. The production of 
methane gas is so prevalent that at some landfills this gas 
is collected and used to produce energy.
The potential for methane gas explosions can and has 
been substantially reduced by means of gas migration 
barriers, gas collection and control systems, and the 
capping of closed landfill cells. Explosion risks generally 
are not viewed as a significant problem at active landfills 
in the Denver area because of routine monitoring and burn 
off (Worzynsky, 1989). Inactive landfills, though, are not 
monitored and present a more distinct hazard. Further
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discussion of inactive landfills is beyond the scope of this 
study.
Water-System Contamination. Water contamination by 
landfill leachate is probably the most significant health 
threat emanating from disposal facilities. A report to the 
U.S. Congress by the Office of Technology Assessment (OTA, 
1984) illustrates the extent of this threat by noting that 
cases of groundwater contamination have occurred in every 
state. The majority, of which, are due to point source pol­
lution in the form of leakage of contaminated leachates 
primarily from landfills, or other waste facilities (OTA, 
1984) . The Environmental Protection Agency (EPA) estimates 
that at least 2 5 percent of the landfills monitored pose 
some threat to human health via contaminated water systems 
(EPA, 1988). As a consequence of the severity of this risk, 
this chapter will focus on the health effects related to 
water contamination by landfill leachate.
Leachate is a product of water percolating through the 
landfill removing and dissolving components inherent in the 
waste. Of primary concern is the potential for leachate to 
pick up and transport chemicals dangerous to human health. 
These dangerous components can originate from hazardous 
material in household waste or from hazardous components of
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generally considered nonhazardous waste, such as lead in 
newsprint, or may be the result of the mixing of various 
chemicals into more toxic compounds.
There are basically two exposure pathways for leachate 
contamination, groundwater and surface water. Leachate may 
enter groundwater and be transported to either a groundwater 
well or a surface water body, or it may function as direct 
runoff from the landfill area into a surface water body.
The risks associated with exposure to this leachate are a 
function of the amount of degradation, dispersion, and 
attenuation which occur as the leachate is transported. In 
general, surface water tends to have a much lower potential 
for severe contamination than groundwater because flow 
velocities are higher and contaminants tend to break down 
more thoroughly. EPA investigations conclude that the 
extent of surface water damage attributable to landfills is 
limited in most cases, and results from studies done in the 
Denver area support this (Industrial Economics Inc., 1988). 
As a result, the main form of health risk evaluated in this 
study is that associated with groundwater contamination.
Health Risks in Denver
Risk estimates in this study refer to the probability 
that a given chemical exposure or series of exposures will
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damage the health (i.e., from cancer) of exposed 
individuals. The goal of this section is to determine 
individual risk estimates, and from these, risk estimates 
for the population (expressed in the next section as the 
aggregate number of cancer cases expected in the population 
after 70 years of exposure).
The individual risk estimates, associated with Denver 
area landfills, draw heavily on the results of a study done 
in 1988 for the Environmental Strategies for Denver Project 
by a private consulting firm, Industrial Economics Inc. of 
Boston (hereafter referred to as IEC). The intent of IEC's 
study was to describe the type and the range of risks 
associated with each Denver waste and materials management 
activity.
This thesis calculates individual risks assessments 
based on potential leachate exposure at the Jefferson County 
landfill (JEFFCO) as determined by IEC's model of leachate 
in the groundwater of the area. Individual risk estimates 
are calculated utilizing IEp's methodology for estimating 
individual risk as well as several of their parameters.
These individual risks are then extrapolated to all seven 
active landfills in the Denver area to determine the 
population risk (the excess number of cancer cases in 70 
years which can be attributed to landfills) and from this,
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the number of cancer cases per year.
Individual Estimates of Risk. Individual risk is the 
lifetime probability of developing cancer, assuming an 
individual is continuously exposed to the same concentration 
of the contaminant over a 70-year period. Applying less 
severe assumptions about the contaminants present in the 
leachate and their concentration levels (as compared to the 
assumptions and concentration levels used to estimate upper 
bound risk), the lower bound individual risk calculated in 
this study for individuals drinking groundwater contaminated 
by landfill leachate is approximately 3xl0*6 (3 in 1,000,000 
individuals exposed for a lifetime would develop cancer). 
Applying more severe assumptions, the upper bound individual 
risk is 7xl0'4 (7 in 10,000 individuals would develop cancer 
if continually exposed). These results imply that under 
severe assumptions individual risk is relatively high (as 
compared to a rule-of-thumb lxlO'6 indicator of significant 
risk).
Individual risk was determined as a range using a 
combination of specific JEFFCO leachate data taken from the 
IEC study and national leachate data from a 1987 EPA survey 
of municipal solid waste landfills (published in 1988) (see
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table 3.1). The following equation summarizes the method 
used by this study to calculate individual risk:
Individual Cancer Risk (probability)
= Chemical Concentration (mg/liter) 
x Leachate Quantity (liters/day) 
x Potency Factor ((probability)/mg/(day x kg)) 
(i.e., risk per unit dose) 
x Aquifer Dilution (1/liter/day) 
x Dose Conversion Factor (liters/day x kg)
The dose conversion factor reflects the adjustment for the 
average water ingestion rate of 2 liters of water per day 
for an average body weight of 70 kilograms and is calculated 
as follows:
2.86xl0'2 (liters/(day x kg)
= 2 (liters/day)
x 1/70 (1/kg)
The chemical concentration used to calculate lower 
bound risk is based solely on the median concentration of 
arsenic determined at JEFFCO (IEC found that arsenic was the 
only chemical constituent at JEFFCO which produced a sig­
nificant risk). Upper bound risk conversely, was based on 
the maximum concentration in national landfill data of the 
six chemical constituents identified by EPA to present the 
most substantial risk to human health— arsenic, carbon
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Antimony 0.0015-047.000 .0660 ND-0.013*
Arsenic 0.0002-000.982 .0135 ND-0.100**
Beryllium 0.0010-000.010 .0050 ND-0.036
Cadmium 0.0070-000.150 .0135 ND-0.018
Chromium 0.0005-001.900 .0600 ND-0.680Copper 0.0030-002.800 .0540 ND-0.940
Lead 0.0050-001.600 .0630 ND-0.860
Mercury 0.0010-000.010 .0006 ND-0.002
Nickel 0.0200-002.200 . 1700 ND-0.710Silver 0.0008-000.035 . 0120 ND-0.048Thallium 0.0040-000.860 .0800 ND-0.006Zinc 0.0300-350.000 .6800 .01-6.100
Orcranics foob)
Carbon
tetrachloride 6 - 398 202 n r***
Methylene
chloride 2 - 220,000 440 NRPCE 1 - 1,300 43 NR
1,1,2,2-PCE 210 - 210 210 NR
Vinyl
chloride 8 - 61 40 NR
* ND indicates not detected in sample 
** The median concentration of As at JEFFCO was .01 ppm
*** NR indicates not reported by IEC for JEFFCO
Sources: a> EPA, 1988
b) IEC, 1988
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tetrachloride, methylene chloride, PCE, 1,1,2,2-PCE, and 
vinyl chloride.
EPA data were used to estimate upper bound risk because 
JEFFCO samples were taken from an area where demolition 
debris was buried and thus chemical concentration may not be 
representative of leachate throughout the landfill. (Further 
sampling from JEFFCO and the other landfills would greatly 
enhance the reliability of future studies of this type.)
The quantity of leachate (and the number used to cal­
culate individual risk) released into the groundwater of the 
area was estimated by IEC to be 100 liters/day. This esti­
mate was based on information obtained by IEC on a leachate 
seep at JEFFCO as well as technical knowledge of groundwater 
and its outflow rate.
The potency factor used to estimate individual risk is 
the factor set by the EPA for specific toxic chemicals and 
indicates the risk per unit dose. These potency factors are 
subject to change as EPA continues its research on the 
effect of specific chemicals. The potency factors used in 
this study for reasons of convenience are those used by IEC 
in 1988 in its study. Arsenic was the only potency factor 
used for lower bound risk. Arsenic, carbon tetrachloride, 
methylene chloride, PCE, 1,1,2-PCE, and vinyl chloride were 
used for upper bound risk (table 3.2).
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Aquifer dilution was calculated in IEC's groundwater 
model based on a groundwater seepage velocity of 1.58xl0'4, 
hydraulic conductivity of 10'5 cm/sec, hydraulic gradient of 
1.83xl0*2 and porosity of .43, and was assumed to be about 
7xl0‘5 /(liter/day) (this number is not presented in IEC's 
study but was calculated for the purpose of this study from 
the known parameters in IEC's model). This dilution implies 
that the concentration of a chemical that would be observed 
in household drinking water from a well would only be .007% 
of that found in the leachate itself.
The final factor in the calculation of individual risk 
is the dose conversion factor which simply adjusts the 
consumption of the contaminant to the amount of water an 
individual consumes, assuming that an individual on average 
drinks 2 liters of water per day and that the average
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individual weighs 70 kilograms.
Risk estimates in this study utilize IEC's estimates of 
the significant carcinogenic chemical constituents at 
JEFFCO, chemical dilution, and quantity of leachate escaping 
from JEFFCO as modeled in their moderate and most severe 
scenarios. The IEC study estimated lower, medium and upper 
risks based on various scenarios about the severity of 
leachate contamination. Their least severe scenario (used 
to estimate their lower bound risk) was not utilized in this 
evaluation, however, because it is felt that their lower 
bound assumptions were unrealistic. The parameters in their 
moderate and severe scenarios are thus used in this study, 
to estimate lower and upper bound risks respectively.
It should also be noted that IEC estimated in their 
model that the timing to risk (assuming the closest well was 
250 meters from the landfill) was greater than 500 years.
In other words, they thought that it would take more than 
500 years for leachate from JEFFCO to reach and contaminate 
the nearest well. This timing, though, is not factored into 
the risk estimates calculated in this study because of 
general uncertainty about groundwater movement in the Denver 
area. Individual risk estimates utilized here, thus, assume 
that leachate is currently contaminating wells within a one- 
mile radius of landfills.
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From the above individual risk estimates, the 
population risk and the benefits of avoiding this risk are 
calculated later in this chapter. The validity of the 
individual risk estimates are thus obviously crucial to 
population risk estimates and are examined in the following 
section by qualitatively comparing them with individual risk 
estimates from an EPA survey of municipal landfills in the 
United States done in 1987. Upper bound risk is especially 
important because of its large impact on the assessment of 
benefits, therefore this estimate is particularly focused on 
in the following comparison.
Comparison of Individual Risk Estimates with EPA 
Results. The EPA conducted a nationwide survey of municipal 
solid waste landfills and from the results of this survey 
they modeled the risk of leachate contamination. The model 
estimated that across all 6,000 municipal solid waste 
landfills approximately 17 percent have risks greater than 
10‘6 (i.e., at 17 percent of the landfills, an individual 
exposed to contaminated water would have a greater than one 
in one million chance of contracting cancer in his or her 
lifetime). More specifically, 12 percent pose risk in the 
10'6 to 10'5 range, and 5 percent pose risk in the 10'5 to 10*4 
range. The risk estimates for JEFFCO landfill range from a
T-3845 38
magnitude of 10'4 to 10'6 and are within the scope of the 
risks EPA identified for landfills; thus these values would 
appear to be reasonable estimates.
Health risks are the result of a complex interaction 
among many factors, but the EPA model specifies some factors 
which are more significant than others in determining the 
risk associated with the production of leachate. These 
factors— constituent concentration in leachate, facility 
size, distance to nearest well, environmental setting, and 
aquifer characteristics— as they are related to risk and 
Denver facilities, are discussed below.
The EPA survey, in general, characterized the leachate 
associated with municipal landfills. Of the 200 chemical 
constituents identified, the following six were determined 







These six constituents were determined to be the most 
hazardous because of their potential for causing human 
health damage, given their observed concentrations in the 
leachate data, toxicity to humans, regulatory limits under 
the Safe Drinking Water Act, and mobility and persistence in
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the subsurface environment. Of the six leachate chemicals 
chosen, the EPA has further designated vinyl chloride,
1,1,2,2,-PCE (tetrachloroethane), and methylene 
(dichloromethane) as the most dangerous to human health 
(EPA, 1988).
Table 3.1 lists the chemicals which were found in both 
the EPA survey and in analysis of leachate from JEFFCO. 
JEFFCO exceeded the median level of the EPA standard 
leachate data in 10 of the 12 chemicals reported for both. 
Of the most dangerous components determined by EPA to exist 
in landfill leachate, only arsenic was found in JEFFCO 
leachate (this may be due to the location of JEFFCO samples 
rather than actual chemical composition). (It is also 
unknown exactly which chemicals were analyzed for in the 
JEFFCO leachate but it is assumed that the chemicals that 
EPA analyzed for would also be analyzed for by a private 
consulting firm.)
Higher levels of contamination and, thus, risks may be 
associated with larger facilities which have a greater mass 
of waste. In facilities handling 10 tons per day (TPD) the 
EPA model predicts that about 33 percent of the scenarios 
have risks that exceed 10'6. This value increases to over 
55 percent for 175-TPD facilities and nearly 64 percent for 
the 750-TPD facilities. Eight percent of the 10-TPD
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scenarios are predicted to have risks exceeding 10*5, 22 
percent of the 175-TPD exceeds 10'5 and nearly 3 0 percent of 
the 750-TPD scenarios exceed 10'5.level.
In the Denver area all of the active landfills fall 
into the medium to large facility range as described by the 
EPA, and 3 landfills— Tower Road, LSI, and DADS (see 
Appendix for a profile of landfills in Metro Denver) handle 
a tons-per-day capacity larger than the largest capacity—  
750 TPD— noted by the EPA study. The relative large size of 
Denver area facilities thus is consistent with the high 
upper bound estimate of individual risk calculated earlier.
All other factors held constant, risk decreases with 
increasing distance of wells from the waste facility. 
Contaminant concentrations diminish over distance due to 
degradation, dispersion, and attenuation. The distribution 
of the well distances, according to EPA results, has a sig­
nificant influence on risk estimates, and EPA further 
concluded that risk was a significant factor only in cases 
where wells were located within a mile or less of a facility 
(1,609 meters).
The exact location of wells in the Denver area as well 
as their distance from landfill borders is difficult to 
determine based on available records. IEC estimated their 
dilution factor based on a well distance of 250 meters from
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JEFFCO landfill. IEC's estimate of 250 meters is sig­
nificantly less than the risk cutoff determined by EPA, and 
thus a high risk such as the upper bound risk calculated in 
this study is possible.
The climate of a region also has a significant impact 
on risk. In general, wetter climates are associated with 
higher release volumes and, consequently, greater risks. In 
the .25 inch per year setting, risk exceeds 10*6 in only 15 
percent of the scenarios and never exceeds 10*5. In a 
wetter setting of 2 0 inches, risk falls into the 10'6 to 
10'5 risk range in over 3 0 percent of the scenarios and is 
greater than 10'5 in over 42 percent of the scenarios (EPA, 
1988) . Denver averages approximately 15 inches of moisture 
per year and as such, upper bound risk estimates again seem 
reasonable.
Hydro-geologic characteristics of the aquifer 
additionally exert a strong influence on risk. Aquifer 
properties affect the extent of dilution, retardation, and 
degradation of specific pollutants. The EPA's results 
indicate that the slowest and fastest flow fields have lower 
risk profiles (lower risks) than the intermediate velocity 
fields. Aquifers with slow velocities (i.e., 1 meter per 
year) generally allow for no contamination of nearby wells. 
In high velocity flow fields (i.e., 1,000 to 10,000 meters
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per year) considerably more water flows through the aquifer, 
which causes more dilution of the leachate. Intermediate 
velocity aquifers (i.e., 10 to 100 meters per year) have the 
highest risk profiles because they neither allow for much 
degradation nor provide for much dilution or dispersion.
The IEC study modeled JEFFCO based on a groundwater 
flow velocity of 1.58 x 10'4 meters per day and 1.58 x 10‘2 
meters per day, which is .06 and 5.77 meters per year, 
respectively. Other estimates of groundwater velocity in 
the Denver basin aquifers suggest that the average velocity 
is approximately 8 meters per year (Robson, 1977). These 
velocities, in general, are considered to be rather slow and 
thus the risk associated with landfills in the area should 
be low (in contrast to the high estimate of risk in the 
upper bound estimate). These estimates of velocity, how­
ever, are subject to significant uncertainty because ground­
water velocity varies from site to site even within specific 
aquifers depending on the subsurface geology. Groundwater 
velocity may be slow at one landfill but moderate at 
another. This velocity variability substantially influences 
the risk associated with leachate movement. It is not 
possible, therefore, to assess the validity of the IEC 
results based on this parameter.
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In general, IEC's results appear consistent with risks 
identified in the EPA survey and, as such, are used in the 
following section to determine population risk.
Population Risks. To estimate the population risk, the 
potential number of individuals who could be affected by a 
release of contaminants was identified by locating the 
number of private wells near each landfill, defined as wells 
within one mile of a landfill border (table 3.3). The exact 
location of wells near landfills in the Denver area is 
difficult to determine based on available records, but if it 
is assumed that all wells located within the same section 
(i.e., one square mile) as a landfill are within a mile of a 
border of that landfill, then 68 wells are located near 
landfills. This indicates that only a small fraction of the
Table 3.3. Number of Private Wells Within 
One Mile of a Landfill
Landfill Number of Wells
(DADS)/Lowry Landfi11 
Marshall Road Landfill 
JEFFCO
Tower Road Landfill 








Source: The Colorado Office of the State Engineer, 1988
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population is potentially exposed to the health effects 
associated with groundwater leachate contamination; as a 
consequence, only a small number of cancer cases would be 
expected to occur because of ingestion of contaminated 
water.
The population risk was calculated by multiplying the 
individual risk by the number of potentially exposed indi­
viduals throughout the Denver area. This results in an 
estimate of the number of cancer cases over a 70-year period 
of exposure. To estimate the number of cases of cancer 
which might occur in the Denver area the following equation 
was used:
Number of Cancer Cases = population exposed per well
x individual risk at JEFFCO
x number of wells within 1 mile of 
all active Denver area landfills
The population exposed per well is taken as the maximum 
number of people potentially exposed per well. This is 
assumed to be 25, because the State Health Department 
monitors wells which serve more than 25 people. (It is 
assumed that if the State Health Department monitors a well 
it poses no risk to health.) Based on an upper individual 
risk of 7 in 10,000 with 68 active domestic water wells, the 
upper estimate of cases is approximately 1.19 cases in a 70-
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year period of exposure (70 years is a standard estimate of 
a human life span), or about .02 cases per year. Employing 
the lesser risk estimate of 3 in 1,000,000 and 68 wells, the 
lower approximation is .01 cases for a 70-year period or 
<.001 cases annually.
Methods of Estimating the Benefits 
Associated with Avoided Riskk
As the previous section showed, the risk of cancer 
associated with landfills can be translated into an approx­
imation of the number of cancer cases which might develop. 
Cancer, as with any serious illness, costs a person in terms 
of time away from work and medical costs. Avoiding the risk 
of cancer and its subsequent costs can thus be considered a 
benefit of increased landfill containment.
For some individuals, putting a price or monetary value 
on human life is immoral and unethical. But people with 
this point of view do not understand that people place value 
on their lives daily by making tradeoffs between changes in 
the probability of death and other goods which have monetary 
values. The fact that more dangerous jobs are associated 
with higher wages is but one example of the price associated 
with health and life.
There are a number of approaches to assigning monetary 
values to sickness or loss of life. These approaches can be
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generalized as the willingness-to-pay approach and the human 
capital or opportunity cost method. This section provides a 
brief review and evaluation of these methods as they apply 
to evaluation of the benefits of reduced risks to health.
Willingness to Pay. The ideal method from the point of 
view of most economists is the willingness-to-pay approach. 
This approach asks "what would we be willing to pay to 
extend our life or reduce the risk of death for ourselves or 
our loved ones?" (Freeman, 1973) . This approach is the most 
consistent with the theory of welfare economics in that it 
is based solely on individual preferences. The willingness 
to pay method also seems to appeal to the moral issue of 
valuing life, because it considers all aspects of human 
value including our willingness to pay to save others. Many 
studies have empirically used this method, but, because it 
requires the aggregation of each person's willingness to pay 
for reduced risk and to avoid certain death it is difficult 
to implement with limited resources and time.
Human Capital. The most common approach to valuation 
of life (or health) is the human capital technique (Freeman, 
1979). It values life as the discounted value of the 
expected future earnings of an individual, or opportunity 
cost of death, which reflects an individual's marginal
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productivity or worth to society in terms of productivity. 
There are many concerns regarding the validity of using 
wages as a proxy for the market value of an individual's 
productivity and many pages have been written discussing the 
merits and the problems of this approach. However, for lack 
of a better proxy, wages are used in this study. Consistent 
with the theories supporting the human capital approach is 
the inclusion of direct medical costs associated with 
disease and death; thus together, medical costs and forgone 
earnings will be used as the measure of the benefit to 
society from avoiding illness and death.
The human capital approach is generally criticized 
because it does not take into account nonworking persons, 
such as parents, children, or the elderly. It is also 
criticized because it ignores a person's willingness to pay 
for longevity. This approach, however, is empirically 
feasible and can be estimated in a straightforward fashion. 
For this reason, it is used here to approximate the benefit 
of avoiding risks to health, but should only be considered 
as a floor for estimates of the monetary value of life.
Benefits of Avoided Costs to Health
To estimate the range of the benefits of avoided human 
capital costs (consisting of health care costs and forgone
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earnings) associated with the waste management facilities, 
the approximate range of the number of cancer cases per year 
is multiplied by the average medical costs of treatment and 
forgone earnings associated with cancer. According to 
Hartunian et al. (1981), the average total medical cost per 
case of cancer was $67,764 and the average foregone earning 
was $48,996. (Medical costs are translated in this study to 
1986 dollars using indexes of medical care prices as 
reported in the U.S. Department of Commerce. Statistical 
Abstracts of the United States. 1988; foregone earnings are 
translated to 1986 dollars using the GNP implicit price 
deflator.) The costs associated with cancer do not imply 
that cancer is the actual medical problem which results from 
ingestion of contaminated leachate, but rather that it is a 
major health problem which represents a major cause of death 
and which accounts for greater reductions in life expectancy 
than most other health conditions (Hartunian et al., 1981).
The total medical cost and forgone earnings associated 
with cancer in the United States is roughly $116,760 dollars 
per case (Hartunian, 1981). If it is assumed that this 
amount is spent at one time, and that the expected number of 
excess cancer cases per year is between <.001 and .02, the 
range of health costs associated with landfills in the 
Denver area and the amount which would be avoided with
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increased containment is between $0 and $2,335 per year.
This low estimate range of benefits is a function of the 
limited number of persons potentially exposed to leachate 
contamination. If a substantial number of new wells were to 
be located near these landfills, this estimate would rise 
accordingly.
Limitations of Evaluation
In any study attempting to ascertain the risks as­
sociated with a specific activity there are bound to a wide 
variety of uncertainties associated with the process. The 
purpose of this concluding section is to discuss some of the 
major uncertainties including specific health impacts, 
leachate contaminant concentration, waste characteristics, 
hydro-geologic conditions, and exposure potential.
Health Impacts. The study is limited to an examination 
of the impacts associated with landfills which result in 
cancer. Noncarcinogens were not evaluated because of the 
difficulty in classifying risk for them. EPA has had, in 
general, great difficulty in analyzing noncancer health 
effects, and has not yet been able to develop guidelines on 
how to assess risks from "systemic toxicants" (i.e., non­
cancer effects including reproductive, developmental, and 
mutagenic effects). The exclusion of noncancer impacts does
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not imply that these effects are negligible but rather that 
they are difficult to quantify. The effect of not including 
noncancer impacts is that the benefits of avoided health 
costs may be undervalued even further than would simply 
occur from using a human capital approach to estimation.
Leachate Concentration. The data on leachate from 
municipal solid waste facilities in the Denver area were 
limited and as such JEFFCO leachate data were used to 
estimate risk. JEFFCO data, however, may not be represent­
ative of all JEFFCO leachate (let alone all landfills in the 
area) as it was collected below an area used primarily for 
demolition debris. Also the JEFFCO data available did not 
include many of the 200 chemical constituents found in the 
EPA national survey, thus suggesting the possibility that 
the number of chemical components was underestimated. As a 
result, individual risk could be significantly undervalued.
Hvdro-qeologic Characteristics. The risks determined 
for JEFFCO also did not include the possibility of con­
tamination of the Laramie-Fox Hills aquifer, which is a much 
deeper aquifer than considered by IEC, but which supplies a 
large percentage of Denver water. The Laramie-Fox Hill 
aquifer was assumed to be too deep to be affected by leach­
ate seepage. The possibility of fractures leading into the
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aquifer, as described by Robson (1987) , however, makes 
contamination of this deeper aquifer a distinct possibility. 
The potential number of persons exposed to leachate contami­
nation therefore, may be significantly underestimated.
Another limitation in this study was the nature of the 
groundwater movement. Little is known about the movement 
and velocity of the groundwater in this area. The estimates 
for groundwater velocity represent approximations of typical 
area velocities and are not actual measured velocities. The 
effect of this uncertainty could have caused risk to be 
overestimated or underestimated depending on the nature of 
groundwater movement at landfills in the area. More studies 
need to be done before this risk is ascertained.
Exposure Potential. The potential number of persons 
exposed to contaminated water is in general a major uncer­
tainty. The Office of the State Engineer contains records 
of all wells applied for and drilled, but the number of 
wells actually used is unknown, as is the number of persons 
who obtain water from those wells. The number of domestic 
wells used in this analysis was based on wells located in 
the same section but because of the difficulty locating the 
landfill boundaries, many wells could exist which are within
T-3845 52
one mile but which are not within the section. This would 
cause yet another underestimation of the risks.
The results estimated in this chapter represent a wide 
range of uncertainty, but for the most part tend to under­
estimate the risks and the number of persons exposed. This 
implies that the benefits of avoided costs of health risks 
calculated in this study is a very lower bound estimate. 
These estimates, however uncertain, are useful in that they 
provide an estimate of the magnitude of benefits to health 
as well as a method for assessing the benefits of avoiding 
potential health problems associated with waste facilities.
L1IS&A2M 




The term "aesthetic" refers to the human sense of 
beauty and in the context of the environment is generally 
taken to be the enjoyment of unspoiled nature. The monetary 
value of aesthetics is difficult to measure— what is 
beautiful to one individual may be hideous to another. Yet, 
the value of aesthetics is inherent in most material pur­
chases; for example, it is common knowledge that an item 
attractively packaged sells better than the same item in 
unattractive packaging or that a house in a quiet, wooded 
area generally commands a higher price than a similar house 
next to the freeway.
A principal concern when any waste management facility 
is sited is the perceived threat of aesthetic damage. People 
worry that the area in which they live will be harmed by the 
introduction of a waste facility. They worry that noisy 
garbage trucks and heavy equipment will disturb their quiet 
neighborhoods and create traffic problems; that a landfill 
will cause excess dust and noxious odors; that soil erosion 
will occur, and that litter may not be confined to the 
landfill but blow all over the neighborhood. In general
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they worry that the area near their homes will become less 
attractive, ultimately resulting in lower property values.
This chapter attempts to value the benefits of avoided 
damage to aesthetics as reflected in the property values of 
an area.
Property Value Differentials
The aesthetic value of a house and its location is but 
one attribute among many valued by the homeowner, and by 
choosing a specific house and its location, people reveal 
these preferences by their willingness to pay for these 
characteristics. If people value large lots, family rooms 
with a fireplace, solitude, nearness to employment, or 
remoteness from an undesirable activity, the real estate 
market should reflect those preferences.
An economic relationship is therefore expected to exist 
between the market price and the quality and quantity of 
characteristics that any house provides the occupant. 
Location is one attribute that can provide a number of such 
valued characteristics: nearness to employment, schools,
and shopping, as well as distance from undesirable environ­
mental factors such as landfills. This relationship implies 
that price differentials will exist between various 
locations or between different points in time which com­
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pensate consumers for the differences in housing services 
associated with specific locations. Theory suggests that 
for two properties identical in all respects except that 
location 1 is near a waste disposal facility and location 2 
is a good distance away, the price of the first property 
will be less than that of the second by an amount which will 
just compensate buyers for the undesirable effect on 
aesthetics they perceive at location 1. Otherwise, the 
consumer would value both properties equally. This price 
differential can therefore be considered a proxy for the 
value of the aesthetic quality of an area. This chapter 
will focus on determining price variation as they apply to 
housing values near solid waste facilities.
Methodology. There are basically two approaches to 
estimating the monetary damage to home values because of the 
nearness of a waste facility. The first is to evaluate the 
prices of homes before and after a landfill has been estab­
lished in an area, to observe if the introduction of a 
landfill causes home prices to decline over time or at least 
causes prices to increase at a slower rate. This is a 
rather difficult method to implement because it involves 
evaluating a price differential over a rather substantial 
time frame and many things which influence property values
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change over time. Consequently, controlling for all of 
these factors is difficult.
The second and more popular approach is to evaluate, at 
one point in time, property value differences between 
similar properties which do and do not have the influence of 
a landfill in close proximity. For this method to be 
useful, all other characteristics of the houses compared 
need to be fairly identical (i.e., types of schools, 
distance from employment centers, size of homes, etc.), 
except for the nearness to a landfill. According to Freeman 
(1979), this method of estimating the value of implicit 
characteristics is, however, limited to estimating only the 
perceived benefits (and losses). He further contends that 
such things as housing prices are not likely to reflect 
health concerns because it is not likely that individuals 
perceive subtle long term effects on health and mortality 
(Freeman, 1979).
Case Studies. Several recent studies have attempted to 
estimate the economic impact on property values associated 
with distance to a solid waste facility. Of these studies, 
only a few specifically address the impacts associated with 
nonhazardous municipal landfills; the majority assess the 
impacts associated with hazardous waste facilities. Many
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arguments can be made for and against the extrapolation of 
results from these hazardous waste case studies to the 
evaluation of the impact of solid waste landfills. Common 
sense, for example, would say that people's perception of a 
hazardous waste facility would be much more unfavorable, and 
consequently the effect on property values would be much 
more significant than the impact associated with a landfill. 
This, however, assumes that people are informed about and 
aware of the hazards present in landfills, which is not 
always the case, and as Freeman points out, if people are 
not aware of the hazards, housing values are not affected.
The estimates generated from hazardous waste studies 
can also be viewed as reflecting a worst-case scenario; it 
is not likely that property values would be more notably 
affected because of proximity to a landfill than they to a 
hazardous waste facility. Thus even though the use of 
hazardous waste case studies to approximate nonhazardous 
landfill sites may be questionable, their use can at least 
be considered as an upper bound estimate.
The following paragraphs briefly discuss the results of 
the studies used to evaluate the damage to property values 
in the Denver area.
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Nonhazardous Case Studies. A study, conducted in 1986 
by Florida real estate appraisers, evaluated several areas 
in the United States and one area in Canada to determine the 
extent of damage to property values because of location near 
a landfill. In two of the five areas examined, properties 
close to landfills increased in value at a lower rate (about 
one to three percent lower) than similar properties located 
some miles away. In the other three cases no differences in 
values were noted (Price, 1988).
Two other studies, Gamble and Downing (1984) of the 
Institute for Research on Land and Water Resources at Penn 
State University, and Pettit and Johnson (1987) of the 
National Society of Waste Management, also concluded that 
there was no evidence that proximity to a landfill damaged 
property values. In general, the results of these 
nonhazardous waste studies are inconclusive regarding 
whether landfills negatively affect property values.
The above mentioned studies, however indefinite, did 
make some notable observations. For instance, the Gamble 
study found that higher priced homes typically are more 
negatively affected than low to mid-priced homes and the 
negative effects which did occur were confined to approxi­
mately a two-mile radius (Gamble, 1984). Both studies also 
concluded that property values may be positively affected if
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the future planned use of the land is a park, a recreation 
area, or an industrial or commercial center. The studies 
implied that these positive effects possibly outweigh the 
negative disamenities.
The studies all conceded that it was expected that 
results would show that landfills negatively affect property 
values, and based on this consensus and the inconclusive 
nature of the findings, the impact that landfills have on 
property values cannot be dismissed without further study.
Hazardous Waste Case Studies. Several studies have 
evaluated the effects of hazardous waste sites on property 
values. The reader is referred to Smith and Desvousges 
(1986 and 1988), and particularly Harrison and Stock (1984). 
Harrison and Stock utilized the most explicit approach, 
identifying objectives, assumptions, methodology, and 
results, throughout the study. Consequently, their 
estimates of damage will be used to determine the monetary 
impact estimates for the Denver area.
Harrison and Stock used the hedonic approach to evalu­
ate the value of aesthetics in housing prices. To do this, 
they employed econometrics to estimate housing price dif­
ferences in relation to locations at some distance from a 
hazardous waste site. The empirical results are based on
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housing transactions (in 1980 dollars) for single-family 
detached residences in the Boston metropolitan area. The 
implied attributes they were evaluating were losses from 
aesthetic damage and concerns for health problems.
The results of the study suggest that the housing 
market does reflect the negative effects of the proximity to 
a waste facility (figure 4.1). The negative effect tends to 
increase both for houses closer to the facility and for more 
expensive houses. To illustrate, for a $100,000 house, the 
impact of a waste facility 1.5 miles away is a negative 
$1,600; if the waste facility is only one-half mile away, 
the estimated impact increases to $13,750. The negative 
effect is also directly related to house prices; for 
example, a facility one mile away from a house valued at 
about $60,000 negatively impacts the house by about $1,060, 
but for a house valued at about $120,000 the negative impact 
is increased to $5,020.
Assessing Impacts on Land Values
Without actually doing an extensive survey of home 
values in the Denver area, there is no way of knowing 
whether home values are affected by nearness to a landfill. 
However, an upper bound approximation of the potential 
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Figure 4.1. Monetary Effect on Property Values Related to 
the Proximity of a Waste Facility
Source: Harrison and Stock (1984)
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waste case studies and, in particular, the Harrison study. 
The following estimates of damage to property values in the 
Denver area will therefore be only upper bound estimates and 
should be recognized as such.
Before estimates can be made, it is important to note 
the major assumptions and specific background conditions 
inherent in the evaluation. First, the number of homes 
potentially affected is assumed, based on the studies 
reviewed, to be confined to a two-mile radius. Additionally, 
after a visual examination of each landfill, it was 
determined that few, if any homes were located within one 
mile of any facility. It is assumed, therefore, that the 
area of potential damage is between one and two miles from 
each facility (evaluated as 1.5 miles in the Harrison 
diagram, see figure 4.1).
The number of homes potentially impacted was estimated 
by counting the number of owners per section within a two- 
mile radius of the landfills as recorded in each county 
assessor's office. This method does not insure an exact 
count of houses per section, but assuming that each owner 
has one house gives a rough estimate (see table 4.1).
The price of homes is also needed to determine the 
relative damage to property values. Because it was not 
feasible to determine specific retail sales values for each
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Table 4.1. Home Values and Estimated Benefits of











(DADS)/Lowry 207 $54,000—$108,100 $300-$2,400 $62,100-$496,800
Marshal Road 159 $27,000- $67,600 $0-$l,200 $0-$190,800
JEFFCO 64 $45,000- $90,100 $0—$1,700 $0-$108,800
Tower Road 89 $36,000- $67,600 $0-$l,200 $0-$106,800
LSI 153 $27,000- $72,100 $0-$l,300 $0-$198,900
Longmont 133 $40,500- $72,100 $0-$l,300 $0-$172,900
TOTAL 805 $62,100 -$1,275,000
Note: Estimated benefits based on costs per house
multiplied by the number of homes near each landfill
Sources:
a County Assessor's Office (for each county)
b Based on review of advertised price of homes in each
area and consultation with various REMAX real estate 
brokers.
c Harrison and Stock (1984) (figure 4.1) (Converted 
to 1986 dollars using the GNP implicit price 
deflator)
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home potentially affected, these values were aggregated for 
each region and estimated. The price ranges in table 4.1 
were determined based on a subjective review of the 
advertised price of tract homes in the area and by con­
sultation with local real estate agents.
Estimated Benefits of Avoided Damage. To determine the 
relative benefits of avoided damage to property values in 
each area, the number of homes near each facility was multi­
plied by the damage estimate given by Harrison (figure 4.1).
Damage to property value is assumed to occur when each 
home is sold, therefore to be able to estimate the damage 
(or benefit of avoided damage) on a per year basis the 
number of houses sold in each area each year must be known. 
If only 5 percent of the houses near Lowry landfill were 
sold, for example, the benefit of avoiding this damage to 
property values would range from $15 to $12 0 per year. The 
percentage of houses sold annually in each area, however, is 
not constant, making estimates on a per year basis dif­
ficult. For ease of comparison it will be assumed that all 
houses in an area are sold in one year. Later it will be 
shown that even with such an unlikely assumption, the 
estimates of damage are small. Estimates in table 4.1,
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thus, can be considered yearly estimates of the benefits of 
avoided damage.
Lowry landfill has the highest expected damage because 
of the number and value of the homes in the area and would 
benefit the most from increased landfill containment. Lowry 
is located on the fringe of a developing residential 
neighborhood and many large, new homes are being built 
nearby. This benefit of avoided damage will ultimately 
increase as the property nearby is further developed.
Tower Road and JEFFCO landfills have the lowest 
benefits of avoiding estimated damage. Both areas are rural 
and sparsely settled, and are located near large federal 
facilities (Rocky Flats nuclear facility is located a few 
miles north of JEFFCO and the Rocky Mountain Arsenal is 
directly west of Tower Road). The federal areas preclude 
development of much of the area near the two landfills, and 
consequently the benefits of avoided damage to property 
values in these areas is expected to remain low.
The Marshal, Longmont, and LSI landfills are located 
near populated areas and therefore the benefit of avoiding 
damage to property values in these areas is fairly high.
All three landfills are small in size limiting the radius of 
potential damage. Low to mid-priced homes also predominate 
and are less severely impacted than more expensive homes
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(many homes in these areas are mobil homes). If expensive 
homes do exist in these areas or if more expensive homes 
were to be built in the future, they would no doubt be 
subject to more substantial impacts and the benefits of 
reduced damage would thus increase.
The total benefit per year of avoided damage to 
property values in the Denver area is within a range of 
$62,100 to $1,275,000. This estimate is low compared with 
estimates generated by Harrison for the Boston study, but 
this is reasonable considering property values in the Denver 
area are typically considered to be about 65% lower than the 
Boston area and there are generally fewer homes located near 
landfills in the Denver region.
These damage estimates are plausible estimates of the 
willingness to pay (in terms of the price of a house) for 
homes more distant from the aesthetic impact of a landfill 
or, in more general terms, are the benefits of avoided 
aesthetic damage to homeowners who live near a landfill.
Limitations of Evaluation
Finally, it is useful to consider the potential biases 
in estimating the benefits of avoided aesthetic damage in 
order to discern the impact that these biases may have on 
those estimates. First, aesthetics is but one attribute of
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a house and its location, and the comparison of price dif­
ferentials between homes near a landfill and those a dis­
tance away may capture the value of other factors such as 
the desire to live in the prairie instead of the foothills. 
Because of this, the estimate of the value of aesthetic 
quality to a neighborhood may be overestimated.
Secondly, as noted earlier, the Harrison study dealt 
with hazardous waste sites; therefore, the estimates rep­
resent only an upper bound approximation of the damage that 
landfills have on property values and should not be con­
sidered specific estimates of damage as they would probably 
overestimate that damage. The assumption that all homes are 
sold at one time further biases the estimates upward.
Considerable uncertainty also exists in ascertaining 
the number and value of homes located near landfills. Based 
on a visual examination of the areas near the landfills, the 
number and value of homes considered in this study may be 
substantially overestimated, again causing an excessive 
assessment of the damage.
In conclusion, it would seem that benefit estimates 
generated in this chapter are biased upward, and, as such, 
the benefits to the Denver area property values of increased 
containment are likely much lower than the $1,275,000 worst 
case estimate of aesthetic damage. Sweeping generalizations
T-3845 68
about the effect of a waste'facility on a community should 
not be accepted as universally true. Each facility affects 
each area differently and this evaluation only attempted to 
gauge the magnitude of that effect. A more detailed 




BENEFITS AND COSTS OF CONTAINMENT
The philosophy that pollution- should be totally 
eliminated, regardless of the cost, ignores the concept of 
economic efficiency, which implies that the optimum amount 
of pollution reduction occurs at the point where the 
benefits of pollution abatement just equals the cost of that 
abatement. The use of preventative pollution measures past 
the point where the costs of that measure are greater than 
the benefits implies that society would be better off using 
those resources elsewhere.
This holds true for landfills as well, with the optimum 
amount of damage control just equal to the benefit from that 
control. Put another way, to require landfill containment 
above the benefits of that containment is wasteful. The 
money spent on that extra amount of containment would be 
better spent on other activities.
With respect to the landfills in Denver, the benefits 
of containment are the elimination of the external costs 
discussed in chapters 3 and 4. Containment thus should 
occur only up to the point that the incremental cost of 
containment just equals the incremental benefit of con­
tainment. The purpose of this chapter is to compare the
T-3845 70
benefits of containment at Denver area landfills with the 
costs.
Benefits
In Denver the benefit of landfill containment is a 
function of the avoided risks to human health and aesthetic 
damage. The benefit of avoiding risks to health is 
estimated in the range of $0 to $2,335 per year and the 
benefit of avoided aesthetic damage is estimated in the 
range of $62,100 to $1,275,000 per year. Adding the 
benefits together yield total benefits in the range of 
$62,100 to $1,277,335 per year.
If the upper and lower ranges are then divided by the 
amount of waste disposed per year (6,9 66,981 cubic yards), 
the benefit per cubic yard of disposed waste is between $.01 
and $.18 (1986 dollars).
Costs
The cost of landfill design and construction necessary 
to totally contain solid waste and its byproducts is site 
specific and depends on a variety of factors, including the 
availability of clay and cover material, the number of 
liners, and the amount of rainfall. For this study, 
however, the cost of total containment in the Denver area is
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approximated from two studies which examine the costs of 
totally contained landfills.
A study done by ECO Northwest (1986) for the Oregon 
Department of Environmental Quality examined the cost of an 
"environmentally sound" landfill model where no external 
environmental costs would be expected. The model included:
1. Baseline data (site characteristics)
2. Predevelopment costs
3. Capital costs
a. One-time costs at construction
b. Periodic costs, including equipment and cell 
preparation and closure
4. Annual operation and maintenance costs (15-year 
period)
5. Closure costs (20 year period)
6. Annual postclosure costs
7. Other environmental costs
From their data for the extreme case (including additional 
environmental safeguards), the annualized cost in (1986 
dollars) of total containment was about $12.77 per ton or 
$3.83 (assuming a three percent discount rate) per cubic 
yard (landfills use cubic yards rather than tons as a 
standard measure, about 600 lbs = 1 cubic yard).
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A study by Joyce (1989) published in World Wastes (see 
references cited), examined the "real" cost of waste 
disposal based on upcoming federal regulations and future 
regulations designed for complete containment. Estimated 
cost of an environmentally sound waste disposal facility 
(including 2 0 years of postclosure monitoring) would be an 
annualized cost of about $18 per ton or $5.40 per cubic yard 
(1986 dollars).
Using these two estimates, the range of annualized 
costs for a totally contained landfill would be about $3.83 
to $5.40 per cubic yard. Assuming the disposal industry is 
perfectly competitive in the short run, these estimates 
represent the marginal cost and thus the price (tipping fee) 
that disposal facilities would charge. (For ease of 
comparison, these numbers are averaged in the following 
discussion to $4.62 per cubic yard.)
Comparison of Benefits and Costs
Denver's waste disposal industry, as stated earlier, is 
very competitive, with tipping fees currently ranging from 
about $2 to over $3 per cubic yard (table 5.1). Tipping 
fees represent the costs of construction and operating, but 
do not include social costs. Subtracting current local 
tipping fees from the annualized cost estimate of a totally
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Table 5.1. Comparison of Landfill Disposal and 
Containment Costs (in 1986 dollars)
Incremental
Cost of Total Ratio of
Tipping Fee3 Containment13 Benefit
Landfill ($/yd ) ($/yd) to Costc
JEFFCO 3.36 0.99 . 18
Tower Road 2.94 1.41 .12
LSI 2.73 1.62 . 11
Longmont 2.02 2.33 . 07
Marshal 2 . 94 1.41 . 12
DADS (Lowry) 3.11 1.24 . 15
Average Incremental Cost of Containment = $1.95
Notes:
3 Based on a 8/89 examination of tipping fees for
compacted trash
b Containment costs based the difference between current
tipping fees and the estimated tipping fee of an 
environmentally sound landfill - $4.62.
c Ratio of benefit to cost calculated based on a
benefit of $.18 per cubic yard.
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contained landfill yields the annualized cost of total en­
vironmental protection or containment. Table 5.1 indicates 
that the cost of total containment for the Denver area 
landfills greatly outweighs the benefits of total contain­
ment, suggesting that total containment is not warranted at 
any of the Denver area landfills.
The estimates generated in this study are obviously not 
very accurate owing to the nature of the costs and the 
number of generalities present. This comparison, though, 
does point out that there is a significant difference 
between the benefits of containment and the cost of that 
containment. This difference would narrow, however, if the 
amount of waste disposed of decreased, or technology reduced 
the cost of total landfill containment, or estimated 
benefits increased.
A reduction in waste is probably not likely in the near 
term. If Denver follows the pattern of the rests of the 
country, the amount of waste generated per person will 
increase (OTA, 1989). Denver, additionally, does not have a 
serious recycling program to reduce the volume of waste 
going to landfills.
The cost of future landfill containment is difficult to 
predict because landfill technology has changed signi­
ficantly in the past ten years. It is difficult to
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imagine, however, that the costs of containment will go down 
especially if it is assumed that the most suitable (and 
least cost) sites will be used first.
There is a legitimate reason to think that the benefits 
of increased containment may indeed be overstated in this 
study because the vast majority of external cost comes in 
the form of aesthetic damage, strictly an upper bound 
estimate. Several benefits, however, are not addressed 
such as the benefits associated with avoided chronic 
sickness or avoided damage to the biota of an area. These 
values are excluded not because they are insignificant but 
rather because no good method of evaluating them in the 
Denver area is available. Estimated total benefits, thus, 
may be overstated, understated or may be somewhat balanced 
out, depending on the magnitude of benefits not calculated.
Additionally, benefits could rise significantly in the 
future. If the number of people living near landfills, for 
example, notably increased, the benefits associated with 
avoided aesthetic damage would increase. Further, if the 
number of drinking water wells near landfills increased, the 
population health risk would increase. Tables 5.2 and 5.3 
illustrate how changes in population risk and aesthetic 
damage could affect the benefits of avoided damage.
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Table 5.2. Sensitivity of Benefits to Changes in 
Population Risk
Changes in Population Risk3
Number of Wells Cancer Cases/vearb_____Benefits/cu. vdc
68 (current) <.001-.02 $.01-$.183
136 (double) <.001-.034 $.01-$.184




a Holding aesthetic damage constant at $1,275,000 and waste 
per year at 6,966,981 cubic yards
b Cases of Cancer = number of wells
x individual risk 
x (25 people per well) /70 years
c Benefits = (health cost + aesthetic cost)/waste per year 
where health cost = (number of cases) x (cost of cancer)
d minimum change in population risk necessary to justify 
the cost of total containment (assuming upper bound 
risk).
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Table 5.3. Sensitivity of Benefits to Changes in 
Aesthetic Damage
Changes in Aesthetic Damage3
Number of Homes Aesthetic Damageb Benefits/cu. vd
805 (current) $62,100-$1,275,000 $.01-$.183
1,610 (double) $124,200-$2,550,000 $.02-$.366





a Holding constant the cost of cancer at $116,760, health 
cost at $2,335 and waste per year at 6,966,981 cubic 
yards
b Holding Population Risk Constant and assuming equal 
damage per each home for low and high estimate (i.e., 
($62,100/805 homes) x (potential number of homes) = (low 
damage estimate per house)
c Benefits = (health cost + aesthetic cost)/waste per year 
where aesthetic cost = (initial damage estimate/house)
x (number of potential homes)
d minimum change in aesthetic damage necessary to justify 
the cost of total containment (assuming high damage 
estimate)
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The large difference between the benefits of 
containment and costs of total containment does decrease 
significantly as the number of wells and houses near land­
fills increase. But as indicated in table 5.2, the number
of wells would have to increase by over 6,000 times (holding 
aesthetic costs constant) or the number of houses (table 
5.3) within a one-mile radius would have to increase over 10 
times (holding population risk constant) to equal the $1.95 
cost of total containment. It should also be noted that 
estimates of aesthetic damage rely on the sale of all homes 
at one point in time. A more realistic estimate involving 
only a percentage of homes sold, which increases the number 
of homes necessary to justify total containment. For 
example, if only five percent of the 8,503 homes in table
5.3 were sold in one year, the total benefit of avoided
damage would be in the range of $.02 to $.11, much less than 
the $1.95 cost of total containment.
Total containment, thus, may not be justified with 
respect to the estimated benefits of containment. Some 
additional containment above current standards, however, is 
justified (up to $.18/per cubic yd) because of the benefits 
associated with avoided costs to health and aesthetics.




Landfills have become the focus of much study in recent 
years, primarily because of rising disposal costs, landfill 
exhaustion, and environmental degradation. These concerns 
are forcing a closer examination of disposal facilities and 
with this inspection, a closer evaluation of the benefits 
and costs.
This study has focused on estimating the benefits of 
more complete environmental protection (relative to what is 
currently in place) and the associated costs in the Denver 
area. The benefits estimated here are a function of the 
number of wells and houses near Denver area landfills, the 
amount of rain, the depth to groundwater, and the existing 
containment. Because of the site specific nature of the 
estimates, they are not generalizable to other areas of the 
country and should not be used as such.
The benefits evaluated here include avoiding risk to 
human health and damage to the aesthetics of an area. These 
two benefits, although they only partially represent the 
total benefits of landfill containment, are the primary and 
most obvious benefits and are believed to at least 
approximate the magnitude of total benefits.
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Summary of Results
The estimated benefit of the avoided damage associated 
with risks to human health is between $0 and $2,335 per 
year, aggregated for the population of the area as a whole. 
Benefit estimates are a function of the expected number of 
excess cancer cases per year, the number of potentially 
exposed individuals, and the average cost of health care and 
forgone earnings associated with cancer. This estimate, 
however, does not take into account the benefits of avoided 
chronic illness or people who do not work and thus do not 
have forgone earnings. Therefore, the estimate of the 
benefits of avoided health risk represents only a lower 
bound approximation.
This benefit is surprisingly low, especially if it is 
divided per capita for the Denver area as a whole. The 
primary reason for this low estimate is the limited number 
of people potentially exposed to contaminated well water. 
Most people get their water from city water supplies which 
are treated and purified.
The estimate of the benefit of avoided damage to 
aesthetics is significantly greater than the estimated 
benefits to health primarily because more homes than wells 
are located within the impact zone of a landfill (one mile 
for wells and 2 miles for homes). The damage to aesthetics
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for the region, as measured by the damage to property 
values, is approximately $62,100-$1,275,000 per year, for 
all of the landfills in the area (assuming all homes sold in 
one year). Because of the use of hazardous waste case 
studies to determine the damage to property values, and 
because of the assumption of all homes sold in one year, 
this is an upper bound estimate of the benefit of avoided 
damage to aesthetics.
Adding the two benefits together and dividing by the 
amount of waste disposed per year in the Denver area yields 
total benefits of avoided damage between $.01 and $.18 (198 6 
dollars) per cubic yard of disposed waste per year. This 
may seem relatively insignificant but when the upper 
estimate is multiplied by the amount of waste disposed of in 
the Denver area, this equals over a million dollars per 
year. The true significance of this estimate, though, is a 
function of its relationship to other such estimates and 
thus should not be taken on its own merits.
Interpretation of Results
Estimates of total benefits are far below estimates of 
costs, suggesting that total containment of landfills in the 
Denver area may not be economically justifiable. The 
benefits calculated in this study, however, are only
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estimates and may only partially quantify the total benefits 
of complete containment. Total containment therefore, 
should not be ruled out without further quantification of 
the benefits (such as the benefits of avoided chronic 
illness other than cancer). It is notable, though, that the 
benefits not quantified must be more than 10 times the upper 
bound estimate of benefits ($.18) estimated in this study to 
equal the 1.95 cost of total containment.
The estimates of benefits calculated in this study 
would typically not be added together because one is a lower 
bound estimate and one is an upper bound estimate. However, 
because the benefits were relatively low in comparison with 
total containment cost, these costs were added together and 
total (at most) about $.18 per cubic yard of waste disposed.
Another approach to using this study would be to use 
each estimate as simply a rough approximation of the benefit 
of avoided damage to that particular environmental amenity. 
These costs could then be used to evaluate similar benefits 
of other containment strategies or waste disposal options.
Uncertainties of Results
In any study assessing the benefits of nonmarket goods, 
there will be substantial amount of uncertainty in the 
results. The most significant uncertainties identified in
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this study include 1) the unknown character of the leachate 
escaping from landfills in the area, 2) the site specific 
nature of groundwater movement, 3) the health effect of 
exposure to leachate, and 4) the effect of nonhazardous 
waste landfills on housing values. These uncertainties do 
not nullify the results but rather suggest that the results 
be used with caution.
To somewhat mitigate these uncertainties, more 
extensive site-specific testing of leachate movement and 
groundwater movement is needed. In addition, housing prices 
should be studied for relative effects of proximity to 
landfills. The impact of landfill proximity on the biota of 
an area would also be useful, to ascertain if this is a 
significant cost. The uncertainty associated with health 
effects however, requires more time to become better studied 
and will probably remain a substantial uncertainty into the 
future.
The comparison of benefits and costs evaluated in this 
study must be interpreted with caution because it is 
uncertain whether the benefits are overstate, understate or 
balance each other out, in terms of approximating total 
benefits. Total containment therefore, should not be ruled 
out without further quantification of the benefits.
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APPENDIX: WASTE FACILITY PROFILES















3995 Nome Street 
Denver, CO 80239
(303) 690-4303




Cubic Yards Per Year: 2,001,118 cubic yards per year 
Operation Schedule:
Tipping Fees:
6 a.m. to 5 p.m., Monday-Friday
7 a.m. 5 p.m., Saturday
$3.11 compacted, per cubic yard* 
$2.75 loose


















240 County Road 5 
Erie, CO 80516
Description of Operation/Services:
Permitted Acres: 240 acres
Cubic Yards Per Year: 2,526,499 cubic yards per year
Operation Schedule: 
Tipping Fees:
6 a.m. to 5 p.m. Monday-Friday
7 a.m. to 5 p.m. Saturday
$2.73 compacted, per cubic yard
[The LSI and Columbine landfill are located directly across 
Country Road 5 from each other; were established about the 
same time; and are owned by the same corporation— Laidlaw, 
















Cubic Yards Per Year: 174,527 cubic yards per year
















Marshall Road Sanitary Landfill
Boulder County
Browning Ferris Industries
8480 Tower Road 




Mr. Terry Cooney 
(303) 371-5155
1600 South 66th, Boulder, CO 
Description of Operation/Services:
Permitted Acres: 80
Cubic Yards Per Year: 456,411 cubic yards per year 
Operation Schedule: 6 a.m. to 6 p.m. 7 days a week









Tower Road Sanitary Landfill 
Adams County
Browning Ferris Industries
8480 Tower Road 




Mr. Terry Cooney 
(303) 371-5155 
Tower Rd, and 88th Ave. 
Description of Operation/Services:
Permitted Acres: 475
Cubic Yards Per Year: 1,531,573 cubic yards per year 
Operation Schedule: 6 a.m. to 6 p.m. 7 days a week




















NE corner of Hwy. 93 and Leyden 
Road
Description of Operation/Services:
Permitted Acres: 344 acres
Cubic Yards Per Year: 276,853 cubic yards per year
7 a.m. to 5:30 p.m., 7 daysOperation Schedule: 
a week
Tipping Fees: $3.36 per cubic yard for all 
loads
Jefferson County landfill (owned until the mid-1980's by 
Browning Ferris Industries) was taken over by RPS, Inc. 
which established a new landfill area adjacent to the old 
landfill and which now goes under the name of RPS, Inc. 
Landfill.
